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(54) Power supply equipment for motor vehicle 

(57) Power supply equipment for a motor vehicle, 
comprising a motor generator (2), an inverter (3) for driv- 
ing said motor generator, a battery (6) and a capacitor 
of an electrical double layer (5), wherein the capacitor 
(5) is directly connected to a DC side of the inverter (3) 



and the battery (6) is connected in parallel with the ca- 
pacitor (5) via a first switching unit (11). When an engine 
(1 ) is started up, the power stored in the capacitor (5) is 
used, and the switching units (11 and 12) are turned off 
to separate the battery (6) from the start-up of the en- 
gine. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to power supply 5 
equipment for motor vehicles, including a motor gener- 
ator driven by an inverter, and more particularly to power 
supply equipment for a motor vehicle, suitable for in- 
creasing the life of a battery, using an electrical double 
layer capacitor. 10 
[0002] Recently, a system has been developed, which 
has a single motor generator that is used both as a con- 
ventional starter and a conventional alternator in which 
42 volts are employed as a power supply voltage in or- 
der to improve a fuel efficiency in the vehicle. The motor 15 
generator is ordinarily driven by an inverter, and has an 
idle stopping function that stops the engine when the 
vehicle stops and that re-starts the engine when the ve- 
hicle is driven, a regenerative braking function that 
charges the battery with decelerating energy by a gen- 20 
erator operation performed when the vehicle is deceler- 
ated, and an assisting function that applies a drive 
torque to a driving shaft in acceleration. 
[0003] Application of a lead acid battery chargeable/ 
dischargeable with a large electrical current at low cost 25 
has been studied as a battery for power supply. Since 
the output of this battery can lower at low temperatures/ 
low charge rates, the engine is difficult to start up. Thus, 
it is necessary for the battery to have a sufficient capac- 
ity. Charging/discharging the battery with a large current 30 
affects the lite of the battery adversely, and it is neces- 
sary to restrict the charging current especially. 
[0004] In view of these problems, power supply equip- 
ment for motor vehicles has been studied that is intend- 
ed to increase the service life of the battery by using a 35 
capacitor of an electrical double layer having a long life 
compared to the battery and being chargeable/dis- 
chargeable with a large current. 

[0005] A first example is JP-A-1 0-1 84506 and 
10-191 576, which disclose power supply equipment for *o 
a motor vehicle, comprising a capacitor of an electrical 
double layer and a battery connected through a diode, 
a relay switch and a resistor in order to start up the en- 
gine with power stored in the capacitor. 
[0006] A second example is JP-A-4-271 209 that dis- 45 
closes power supply equipment for a motor vehicle, in 
which a capacitor of an electrical double layer and a bat- 
tery are connected in parallel and also connected to cor- 
responding switches in series in order to adjust quanti- 
ties of energy stored in the capacitor and the battery, 50 
respectively, by controlling the operations of the switch- 
es. 

[0007] A third example is JP-A-2000-156919 that dis- 
closes power supply equipment for a motor vehicle, in 
which an inverter is connected at its output to a capacitor 55 
of an electrical double layer, which is then connected to 
a battery through a DC/DC converter. 
[0008] In the first example, however, since it is only 



possible to either charge the capacitor or the battery dur- 
ing the charging operation, the capacitor cannot in- 
crease the battery life by absorbing large transitional 
current. 

[0009] In the second example, the capacitor cannot 
absorb a ripple current due to the switching of the invert- 
er when the switch of the capacitor is off, and a capacity 
of an filter capacitor of the inverter cannot be reduced. 
Thus, it is impossible to achieve sufficient cost reduc- 
tion. 

[0010] In the third example, an increase in the cost 
cannot be avoided due to the employment of the DC/DC 
converter. 

SUMMARY OF THE INVENTION 

[001 1 ] It is therefore an object of the present invention 
to provide long-life, low-cost power supply equipment 
for motor vehicles. 

(1) In orderto achieve the above object, the present 
invention provides power supply equipment for a 
motor vehicle, comprising a motor generator, an in- 
verter for driving the motor generator, a battery and 
a capacitor of an electrical double layer, wherein the 
capacitor is directly connected to a DC side of the 
inverter and the battery is connected in parallel with 
the capacitor via first switching means. Such com- 
position gives the equipment an increased life and 
reduces its cost. 

(2) Preferably, the power supply equipment further 
comprises control means for turning off the first 
switching means in the start-up of an engine to sep- 
arate the battery from the capacitor and for turning 
on the first switching means after the start-up of the 
engine to connect the battery to the capacitor. 

(3) Preferably, the power supply equipment defined 
in (2) further comprises: a series circuit of a resistor 
and second switching means being connected in 
parallel with the first switching means. 

(4) Preferably, in the power supply equipment de- 
fined in (3) the control means determines which of 
the first and second switching means should be 
turned on, depending on a difference in voltage be- 
tween the capacitor and the battery when the bat- 
tery and the capacitor are connected by the first or 
second switching means. 

(5) Preferably, the power supply equipment defined 
in (1) further comprises: a second capacitor con- 
nected in parallel with the first-mentioned capacitor 
between the inverter and the capacitor for eliminat- 
ing high frequency ripples. 

(6) Preferably, in the power supply equipment de- 
fined in (1) the first switching means comprises a 
diode conductible at all times so as to allow an elec- 
trical current to flow from the inverter to the battery. 

(7) Preferably, in the power supply equipment de- 
fined in (1) the first switching means comprises a 
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diode conductible at all times so as to allow an elec- 
trical current to flow from the battery to the inverter. 
(8) In order to achieve the above object, power sup- 
ply equipment for a motor vehicle, comprising a mo- 
tor generator, an inverter for driving the motor gen- 
erator, a battery and a capacitor ol an electrical dou- 
ble layer, wherein the battery has a plurality or dif- 
ferent (higher and lower) voltage terminals; the ca- 
pacitor being directly connected to a DC side of the 
inverter; the capacitor being connected on its higher 
voltage side to a higher voltage terminal of the bat- 
tery via first switching means; and the capacitor be- 
ing connected on its higher voltage side to a lower 
voltage terminal of the battery via second switching 
means. 

[0012] Such composition gives the equipment an in- 
creased life and reduces its cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 3] 

FIG. 1 is a block diagram of power supply equip- 
ment for a motor vehicle according to a first embod- 
iment of the present invention. 
FIG. 2 is a flowchart of a control process performed 
by a power supply controller of the power supply 
equipment for the motor vehicle as the first embod- 
iment. 

FIG. 3 is a block diagram of power supply equip- 
ment for a motor vehicle according to a second em- 
bodiment of the present invention. 
FIG. 4 is a block diagram of power supply equip- 
ment for a motor vehicle according to a third em- 
bodiment of the present invention. 
FIG. 5 is a block diagram of power supply equip- 
ment for a motor vehicle according to a fourth em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0014] Referring to FIGS. 1 and 2, the composition of 
the power supply equipment for a motor vehicle accord- 
ing to the first embodiment of the present invention will 
be described next. 

[0015] FIG. 1 is a block diagram of the power supply 
equipment for a motor vehicle according to the first em- 
bodiment of the present invention. FIG. 2 is a flowchart 
of the control process performed by the power supply 
equipment for a motor vehicle according to the first em- 
bodiment. FIG. 1 shows a 42 V-power supply system for 
a motor vehicle to which the embodiment of the present 
invention is applied. 

[0016] As shown in FIG. 1, a rotational shaft of the 
engine 1 is connected to a motor generator 2. The motor 
generator 2 operates as a motor to start up/assist in ac- 
celerating the engine 1 . The motor generator 2 is also 



driven by the engine 1 to operate as a generator to gen- 
erate electric power and to perform a regenerative brak- 
ing operation. The driving force/power generation of the 
motor generator 2 is controlled by an inverter 3. 

5 [0017] The inverter 3 is connected on its DC side to 
an electrolytic capacitor 4 for ripple elimination. A ca- 
pacitor 5 is connected in parallel with the electrolytic ca- 
pacitor 4. The capacitor 5 has a large capacity and is 
generally called a capacity of an electrical double layer 

io or a supper or ultra capacitor. The equipment also com- 
prises a voltage sensor 8A that senses a voltage across 
the capacitor 5 and a current sensor 9 that senses a 
current flowing through the capacitor 5. The voltage and 
current sensed by the voltage sensor 8A and the current 

15 sensor 9 are delivered to a power supply controller 1 0. 
[001 8] The capacitor 5 is connected in parallel with a 
series circuit of a switching unit 1 1 and a battery 6. The 
battery 6 comprises a lead acid battery of a rated voltage 
of 36 V. In addition to the lead acid battery, for example, 

20 a high performance battery such as a nickel-hydrogen 
battery or a lithium ion battery is usable. A voltage sen- 
sor 8B that senses the voltage of the battery 6 is provid- 
ed. The sensed voltage is delivered to the power supply 
controller 10. 

25 [0019] In the illustrated embodiment, the switching 
unit 11 comprises a parallel circuit of a MOSFET and a 
diode D1 embed therein. In the embodiment, the diode 
D1 is disposed in such a direction that electrical charg- 
ing is allowed normally from the inverter 3 to the battery 

30 6. Thus, the switching unit 11 turns on/off only the dis- 
charge current flowing from the battery 6 to the inverter 
3. 

[0020] The switching unit 11 is connected in parallel 
with a series circuit of a resistor 13 and another switch- 
es jng unit 12. In the illustrated embodiment, the switching 
unit 12 comprises a parallel circuit of a MOSFET and a 
diode D2. When a difference in voltage between the ca- 
pacitor 5 and the battery 6 is large and a large current 
may flow through the battery 6 if the capacitor 5 and the 
40 battery 6 are directly connected by the switching unit 1 1 , 
the switching unit 12 is rendered conductive to thereby 
cause an electrical current to flow through the resistor 
13. This causes the value of the electric current flowing 
through the battery.6 to decrease and to restrict a flow 
45 of an excessive current through the battery. 

[0021] Generally, a plurality of 42-V loads 7 is con- 
nected to the battery 6. A DC/DC converter (not shown) 
is connected to the battery 6 to supply the 14-V system 
with power. 

so [0022] The power supply controller 1 0 receives infor- 
mation on the voltage/current of the capacitor 5, the volt- 
age of the battery 6, and the current/rotational speed of 
the motor generator 2 and gives control commands to 
the inverter 3 and the switching units 1 1 and 1 2 at a ve- 

55 hide controller's request to start up and assist in accel- 
erating the engine and to perform a regenerative break- 
ing operation. 

[0023] As described above, the characteristic compo- 
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sition of the present embodiment is that the capacitor 5 
is connected at all times on the DC side of the inverter 
3 and that the battery 6 is connected through the switch- 
ing units 11 and 12 to the capacitor 5. Thus, the battery 
6 is connected to and disconnected from the DC side of 
the inverter 3 by turning on and off the swilching units 
11 and 12. Such circuil composilion is expressed as 
"The capacitor of an electrical double layer is directly 
connected to the DC side of the inverter and the battery 
is connected in parallel with the capacitor of an electrical 
double layer via the first switching unit" in the present 
embodiment." The "direct" connection of the capacitor 
of an electrical double layer to the DC side of the inverter 
means that no a switching unit is connected in a line on 
the side of the capacitor 5 in terms of the parallel circuit 
of the capacitor 5 and the battery 6. Thus, note that a 
circuit composition in which a switching unit such as a 
contactor provided on a line between the DC side of the 
inverter 3 and the junction point of the switching unit 1 1 
and the capacitor 5 is turned off to disconnect both the 
capacitor 5 and the battery 6 from the DC side of the 
inverter 3 should fall within the scope of the composition 
expressed by the wording " The electrical double layer 
capacitor is directly connected to the DC side of the in- 
verter and the battery is connected in parallel with the 
electrical double layer capacitor via the first switching 
unit" in the present embodiment. 

[0024] Now, referring to FIG. 2, control of the power 
supply controller 10 for use in the power supply equip- 
ment for the motor vehicle according to the present em- 
bodiment will be described next. FIG. 2 illustrates a flow 
of control from the start-up of the engine to the normal 
power generation. 

[0025] The engine is basically started up only with 
power stored in the capacitor 5. Thus, in step S101 the 
power supply controller 10 turns off the switching unit 
11 and 12. In the example of FIG. 2, the switching units 
11 and 12 are indicated as SW1 andSW2, respectively. 
By turning off the switching units 1 1 and 12, no electrical 
current flows from the battery 6 to the inverter 3. Thus, 
the engine can be started up only with electric power 
stored in the capacitor 5. 

[0026] Then, in step S1 02 the power supply controller 
1 0 senses a voltage Vc across the capacitor 4 with the 
voltage sensor 8A and determines whether the voltage 
Vc is sufficient to start up the engine. It is now assumed 
that a threshold value is set at 30 V, for example. If the 
voltage Vc is not lower than the threshold value, the con- 
trol passes directly to step S109 whereas if the voltage 
Vc is lower than the threshold value, the control passes 
to step S103. If the voltage Vc is not lower than the 
threshold value, in step S109 the engine is started up. 
If the voltage across the capacitor 5 is lower than the 
threshold value due to discharge of the capacitor 5, for 
example, when the vehicle is left alone for a long time, 
the battery 6 charges the capacitor 5 in steps S1 03 and 
subsequent steps. 

[0027] When the voltage Vc across the capacitor 4 is 



lower than the threshold value, in step S1 03 the power 
supply controller 1 0 compares the capacitor voltage Vc 
with the battery voltage Vb sensed by the voltage sensor 
8B. In order to determine whether a differential (Vb - Vc) 

5 between the battery voltage Vb and the capacitor volt- 
age Vc is small or not, a voltage of 10 V, for example, is 
sel as a second threshold value. If the differential is 
small, for example . not more than 1 0 V, the power supply 
controller 10 turns on the switching unit 11 instepS104 

10 and directly charges the capacitor 5 from the battery 6 
in step S106. 

[0028] If the voltage difference is large, for example, 
more than 10 V, the switching unit 1 2 is turned on in step 
St 05 so that the battery 6 is connected to the capacitor 

15 5 via the resistor 13 and that the battery 6 charges the 
capacitor 5 in S106, in order to avoid a flow of a large 
current occurring through the switching unit 1 1 when the 
battery 6 is connected directly to the capacitor 5. If the 
resistor has, for example 2 £2, the discharging current 

20 can be restricted to 10 A even when the voltage differ- 
ence is 20 V. 

[0029] Then, in step S1 07 the power supply controller 
10 determines a charging state of the capacitor 5. The 
voltage across the capacitor 5 includes a voltage rise 

25 (rH) occurring due to its internal resistance r when the 
capacitor 5 is charged. Thus, it is necessary to deter- 
mine the voltage across the capacitor 5 by subtracting 
the voltage rise from the charging voltage where I is a 
value of an electrical current flowing through the capac- 

30 itor 5 and sensed by the current sensor 9. lnstepS107 
it is determined whether the capacitor 5 has stored suf- 
ficient energy due to charging depending on whether 
(Vc - rH) has increased, for example, to not lower than 
30 V. The capacitor 5 continues to be charged in step 

35 S1 06 until the capacitor is sufficiently charged, at which 
time the control passes to step S108 where the power 
supply controller 1 0 turns off both the switching units 1 1 
and 12. 

[0030] If the determination in step S102 is yes or the 
to processing in step S1 08 is terminated, in step S1 09 the 
power supply controller 1 0 gives a drive command to 
the inverter 3 to drive the motor generator 2 and start 
up the engine 1. 

[0031] After the engine 1 is started up, in step S110 
4 5 the motor generator 2 operates as a generator and the 
power supply controller 10 controls the inverter 3 to 
thereby charge the capacitor 5. Since starting up the en- 
gine 1 consumes the energy stored in the capacitor 5, 
the voltage across the capacitor 5 lowers temporarily. 
50 However the operational mode of the motor generator 
2 switches to a generator mode, and at the capacitor 
voltage rises. 

[0032] Then, in step S1 11 the power supply controller 
1 0 checks the voltage across the capacitor 5. More spe- 
55 cificaily, the power supply controller 1 0 monitors a dif- 
ference (Vb - Vc) between the voltage Vb of the battery 
6 and the voltage Vc across the capacitor 5. The power 
supply controller 1 0 continues to charge the capacitor 5 
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in step S110 until the voltage difference becomes not 
more than 2 V, for example, at which time the power 
supply controller 1 0 turns off the switching unit 1 1 to con- 
nect the capacitor 5 to the battery 6 to thereby charge 
the battery 6. 5 
[0033] In the generator mode, the capacitor 5 and the 
battery 6 are operated in parallel connection. Even when 
the switching unit 11 is not turned on, supply of power 
to the battery 6 is possible due to operation of a built-in 
diode D1 formed to be connected in parallel with an 10 
switching element of the switching unit 1 1 . By turning on 
the switching unit 11, the on-resistance and hence an 
on-loss produced at all times are reduced. 
[0034] While in the embodiment the series circuit of 
the resistor 13 and the switching unit 12 is used, this 15 
series circuit may be omitted when the internal resist- 
ance values of the capacitor 5 and the battery 6 are large 
or a transitional large current is allowed to flow through 
those elements. 

[0035] While in the embodiment the rated voltage of 20 
the power supply is assumed as 42 V, the present in- 
vention is applicable when the rated voltage of the pow- 
er supply is another voltage such as 14 or 28 V. 
[0036] As described above, in the present embodi- 
ment when the engine 1 is started up, the power stored 25 
in the capacitor 5 is used and the battery 6 is separated 
from the capacitor 5 by turning off the switching units 11 
and 12. The capacitor 5 generally has a small internal 
resistance compared to the battery and a voltage drop 
across the capacitor 5 is small even when a large current 30 
discharges through the capacitor 5. The capacitor 5 has 
a good temperature characteristic and a small reduction 
in its output compared to the battery even at low tem- 
peratures such as - 30°C. Thus, as indicated by the 
present embodiment, the use of the capacitor ensures 35 
the start-up of the engine. 

[0037] When the charge rate of the battery lowers in 
the prior art, the output of the battery lowers, so that the 
engine may not be started up satisfactorily. However, in 
the present embodiment the engine can be started up <*o 
surely as long as the power sufficient to charge the ca- 
pacitor remains in the battery. Thus, the capacity of the 
battery can be reduced. Since a large current does not 
flow into the battery at the start-up of the engine, a de- 
terioration in the battery is prevented. 45 
[0038] In the generator mode, the capacitor 5 and the 
battery 6 are operated in parallel connection, so that a 
deterioration in the battery 6 is prevented. More partic- 
ularly, since thecapacitorS has small internal resistance 
compared to the battery 6, the capacitor 5 shares a larg- 50 
er current compared to battery 6 when the capacitor 5 
and the battery 6 are operated in the parallel connection. 
Thus, even when a large charging current flows through 
the parallel circuit of the capacitor 5 and the battery 6 in 
the regenerative breaking operation, the current flowing 55 
through the battery 6 is reduced to thereby suppress a 
deterioration in the battery 6. Since a large regenerative 
current is allowed to flow through the parallel circuit of 



the capacitor 5 and battery 6 compared to the use of the 
battery alone, more regenerative power can be ab- 
sorbed and the absorbed energy can be used to assist 
in the acceleration of the vehicle and to drive an auxiliary 
machine to thereby improve the fuel economy of the mo- 
tor vehicle. 

[0039] Since current ripples produced due to the 
switching operation of the inverter 3 are absorbed by the 
capacitor 5, the filter capacitor 4 can be omitted or re- 
duced in capacity. When the distance between the in- 
verter 3 and the capacitor 5 is large, an inductance in- 
volved in the lines extended between the inverter 3 and 
the capacitor 5 is influenced or increased. Thus, in this 
case the filter capacitor 4 should be provided on the in- 
verter side. The capacity of the filter capacitor 4 may be 
small in consideration of the case where no capacitor 5 
is provided. 

[0040] According to the composition of the present 
embodiment, even when the battery 6 goes flat, the en- 
gine can be jump-started up from a 14-V power supply 
installed in another vehicle. Since the battery 6 is sep- 
arated from the inverter 3 by the switching units 11 and 
1 2, a 1 4-V power supply installed in another vehicle can 
be connected to the inverter 3 to charge the capacitor 
5. When the voltage across the capacitor 5 rises to about 
14 V, the inverter 3 is operated and hence the motor 
generator 2 is driven to start up the engine 1. In this 
case, it is necessary to design beforehand the motor 
generator 2 so that the motor generator 2 can start up 
the engine even at 14 V. 

[0041] As described above, according to the present 
embodiment, low-cost power supply equipment for a 
motor vehicle is obtained that prevents a deterioration 
in the battery to thereby give the battery a long service 
life; that reduces the capacity of the electrolytic capac- 
itor; and that eliminates the DC/DC converter. 
[0042] Next, with reference to FIG. 3, power supply 
equipment for a motor vehicle according to a second 
embodiment of the prevent invention will be described. 
[0043] FIG. 3 is a block diagram of the power supply 
equipment for a motor vehicle according to the second 
embodiment. The same reference numeral in FIGS. 3 
and 1 denotes the same component of the equipment. 
[0044] In the present embodiment, diodes D1 and D2 
in switching units 11 A and 12A are reverse in direction 
to those in the switching units 11 and 12 of FIG. 1, so 
that an electrical current flowing from the battery 6 to 
the inverter 3, or a discharge current, flows at all times. 
In this case, when the motor generator 2 acts as a driver 
to start up/assist in accelerating the engine, the capac- 
itor 5 and the battery 6 are used together. While the dis- 
charge current is supplied from both the capacitor 5 and 
the battery 6, the current flowing through the capacitor 

5 is large compared to that flowing through the battery 

6 because the internal resistance of the capacitor 5 is 
smaller than that of the battery to thereby restrict a de- 
terioration in the battery 6. In addition, the start up of the 
engine at low temperatures is improved. 
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[0045] In the generator mode, the power supply con- 
troller 10A normally turns on the switching unit 11 A to 
cause the capacitor 5 and the battery 6 to operate to- 
gether. In the regenerative braking operation where a 
larger charging current flows in the equipment, the 5 
switching unit 11 A is turned off so thai only the capacitor 
5 absorbs the energy. The power supply controller 1 0A 
causes the switching unit 11 A to cooperate with the in- 
verter 3 so that when the charging current exceeds a 
threshold value, the switching unit 11 A is turned off. 
[0046] In order to enable the battery to be charged 
with a large current, its capacity should increase and its 
electrodes should be especially devised. However, ac- 
cording to the present embodiment, the necessity for 
charging the battery with a large current is eliminated so 
that the cost is reduced. In addition, a deterioration in 
the equipment is prevented to thereby increase its serv- 
ice life. 

[0047] Even when the voltage across the capacitor 5 
increases greatly due to a large current flowing there- 
through, a mode can be selected in which the switching 
unit 1 2A connected to the battery 6 is turned on to there- 
by prevent a large excessive current from flowing 
through the battery and hence to use the battery and the 
capacitor together. 

[0048] As described above, according to the present 
embodiment, low-cost power supply equipment for a 
motor vehicle is obtained that prevents a deterioration 
in the battery to thereby increase its service life; that re- 
duces the capacity of the electrolytic capacitor; and that 
eliminates the necessity for the DC/DC converter. 
[0049] Next, referring to FIG. 4, a composition of pow- 
er supply equipment for a motor vehicle according to a 
third embodiment of the present invention will be de- 
scribed. 

[0050] FIG. 4 is a block diagram of the power supply 
equipment for a motor vehicle according to the third em- 
bodiment. The same reference numeral denotes the 
same or similar component in FIG. 4 and 1 . 
[0051] In the present embodiment the switching units 
15 and 1 6 are used to turn on and off bi-directional cur- 
rents whereas the switching units 11 and 12 of FIG. 1 
and the switching units 11A and 12A of FIG. 3 control 
only the unidirectional currents. More specifically, the 
switching units 15 and 16 each use a pair of reversely 
parallel connected thyristors to switch on/off a current 
flowing in both directions therethrough. In place of the 
pair of reversely parallel-connected thyristors, a pair of 
reversely series-connected MOSFETs may be used to 
fulfill a similar function. 

[0052] The present embodiment produces advanta- 
geous effects equal to combined advantageous effects 
produced by both the embodiments of FIGS. 1 and 3. In 
each of the engine start-up and the regenerative break- 
ing operation, the power supply controller 1 0B can turn 
off the switching units 1 5 and 1 6 so that only the capac- 
itors charges/discharges the battery 6. Thus, the charg- 
ing and discharging electric currents flowing through the 



battery 6 can be restricted to small currents to thereby 
reduce the cost and increase its service life. 
[0053] As described above, according to the present 
embodiment, the power supply equipment for a motor 
vehicle is obtained which prevents a deterioration in the 
battery to thereby increase its service life, which reduc- 
es the capacity of the electrolytic capacitor, and which 
eliminates the DC/DC converter to thereby reduce the 
cost. 

[0054] A composition of power supply equipment for 
a motor vehicle according to a fourth embodiment of the 
present invention will be described next with respect to 
FIG. 5, which is a block diagram of the power supply 
equipment. The same reference numeral denotes the 
same or similar component in FIGS. 5 and 1 . 
[0055] In the present embodiment the power supply 
equipment for a motor vehicle uses a battery 6A with a 
plurality of (3) voltage terminals: that is, 42- and 14-V 
terminals and a grounded terminal. 
[0056] The 42- and 1 4-V terminals of the battery 6A 
are connected via switching units 1 7 and 1 8, respective- 
ly, to an inverter 3. When the switching units 17 and 18 
each comprise a MOSFET, built-in diodes D3 and D4 
are formed in reverse directions to the 42-and 4-V ter- 
minals of the battery 6A, as shown, to thereby avoid 
short-circuiting the 42- and 14-V terminals. In this em- 
bodiment, a plurality of 14-V loads 7a is connected 
across the 14-V terminal of the battery 6A and ground. 
[0057] The power supply controller 10C controls the 
turning on/off of the switching units 17 and 1 8 to switch 
the inverter 3 to either a 42- or 14-V operation. In the 
42-V operation the switching units 1 7 and 18 are turned 
on and off, respectively, whereas in the 14-V operation 
the switching units 17 and 18 are reversely turned off 
and on, respectively. 

[0058] When a large current flows through the circuit 
concerned, for example : as in the engine start-up, re- 
generative braking operation or acceleration assistance 
or the like, the 42-V operation is basically performed. 
The connection of the components on the 42-V terminal 
side is similar to that of the first embodiment of FIG. 1 , 
and hence the operation of the power supply equipment 
ranging from the start-up of the engine to the power gen- 
eration should be performed in a process similar to that 
shown in FIG. 2. While in the present embodiment an 
element such as the resistor 13 of FIG. 1 is not shown, 
such element can be connected in position as shown in 
FIG. 1, if necessary. 

[0059] The power supply equipment is operated ordi- 
narily at 42 V even in the generator mode whereas the 
power supply controller 10C turns off and on the switch- 
ing units 17 and 18, respectively, so that the battery 6A 
is charged only on its 1 4-V terminal side to thereby elim- 
inate an unbalance in charge rate between the 42 and 
14-V terminal sides thereof. 

[0060] According to the present embodiment, use of 
the 3-terminal battery brings about a low-cost dual (42-, 
1 4-) volt power supply system. Additional use of the ca- 
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pacitor serves to reduce the capacity of the battery and 7. The power supply equipmentfor a motor vehicle ac- 
to increase its service life. cording to claim 1 , wherein: 



Claims 

1. Power supply equipment for a motor vehicle, com- 
prising a motor generator (2), an inverter (3) for driv- 
ing said motor generator, a battery (6) and a capac- 
itor (5) of an electrical double layer, 

wherein said capacitor is directly connected 
to a DC side of said inverter and said battery is con- 
nected in parallel with said capacitor via first switch- 
ing means (11). 

2. The power supply equipment for a motor vehicle ac- 
cording to claim 1 , further comprising: 

control means (10) for turning off said first 
switching means in the start-up of an engine to 
separate said battery from said capacitor and 
for turning on said first switching means after 
the start-up of the engine to connect said bat- 
tery to said capacitor. 

3. The power supply equipment for a motor vehicle ac- 
cording to claim 2, further comprising: 



said first switching means comprises a diode 
(D1) conductible at ail times so as to allow an 
electrical current lo flow from said battery to 
said inverter. 

8. Power supply equipment for a motor vehicle, com- 
prising a motor generator (2), an inverter (3) for driv- 
ing said motor generator, a battery (6) and a capac- 
itor (5) of an electrical double layer, 

wherein said battery has a plurality of different 
(higher and lower) voltage terminals; 
said capacitor being directly connected to a DC 
side of said inverter; 

said capacitor being connected on its higher 
voltage side to a higher voltage terminal of said 
battery via first switching means (1 7); and 
said capacitor being connected on its higher 
voltage side to a lower voltage terminal of said 
battery via second switching means (18). 



a series circuit of a resistor (13) and second 
switching means (12) being connected in par- 30 
allel with said first switching means. 



4. The power supply equipment for a motor vehicle ac- 
cording to claim 3. wherein: 

35 

said control means determines which of said 
first and second switching means should be 
turned on, depending on a difference in voltage 
between said capacitor and said battery when 
said battery and said capacitor are connected 40 
by said first or second switching means. 

5. The power supply equipment for a motor vehicle ac- 
cording to claim 1 , further comprising: 

45 

a second capacitor (4) connected in parallel 
with said first-mentioned capacitor (5) between 
said inverter and said capacitor (4) for eliminat- 
ing high frequency ripples. 

50 

6. The power supply equipment for a motor vehicle ac- 
cording to claim 1, wherein: 



said first switching means comprises a diode 
(D1) conductible at ail times so as to allow an 55 
electrical current to flow from said inverter to 
said battery. 
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